Cited Document 1 



®lnt,a/ 

G 01 B 11/06 



@H*H^fi^^/3=(jp) ® ^ Wf Hi m ^ m 
®^ 114^1^^^ (A) Bg64-23103 

@^§i fla«]64^(1989)1^25B 



G-7625-2F 



®4f m ra63- 152444 
@m 19 PS63( 1938) 6^225 
ffi3fettl±55 @1987^ 6^23H@* 7 :/i^(N L)®8701463 



®ttl IB A 



5f 



Bfl a # 

© 1^ ffi R $ n -5 i ^ ;g )i i> ^ c/ cm j& 



jfe ai 3CK 1^ L T (r ^ S ^ i: Si 6 © if IP ^ 

5. s$:*cJi 1 K$s.WLCDmmm^mm.iz^u^x^ 



- I 



—19— 



$ n -S jt i ^ :^ M i>' <t Cf Ctl ^ K ^ ® ^ © lli 

9 :f X 1± © 1$ IS "Philips Technical Review 
43. Jan. 1987" om58-60Kt: (1. feffith h V 

o o A J5 ^ ® s iM n © P 3^ ^ ^af :£ r s :^ ft :&< IE 



- 3 - 



(2) 

ei5aioai^S®fin T®SS# 1. 9mT^1^SI;E>< 
•7 T 'f ^I^^S^^ L -5 S J; d iJ D . c n 

St|^.^K:iRji:t a^i6i::. c n ifc t* © « Bi c 
© jpi :5 ^ :t * 1 V -rn — :«F ^ ft -D T tf ^ ^ o 



- 4 - 



VD) feSt:cfcOteH:;^?-CS^WJcii«$n-&JS 

^^mmi^m^ ^Ki&Ritm 

* So 



ftfe :5p <D jt *i » *t g S iJ i CX ^ ^ g fffl © 1^ ® -e S « 
3? n -5 t fig; g @ <t C n ^ IB tr S ffl ^ Bfl CD ^ 

M ih ^ S ^ W-r S i® -m « ^ :^ L T i£ BE ft ^ ^ 



- 5 - 



- 6 



—20— 



c n ^ © « ffi a "c- «i * « n ^ K ^ s 

■e^So aroiES^ LgBHitLx 

3fe«tt«!>iaS^ 2.5iBit-rSo 3t^»©^2£tiS 



- 7 - 



- 9 - 



HH«SG4-231fl3{3) 

o ^ It e w e w ^ s at €> ffl ^ fi- d jfi^ ii 3&« * a . 

cti><T-#So ©^®iti3t-«.pj . 

S©*«4f* Limits 4 (c J: oa-ih-r 60 ^itaiW: 1 



- 8 - 



c CDS 5 ^20-3000 1 COiie^^3 

i5iFo>a«^cS$ wnieir u 25CCD -e*Sc «i 



-10- 



21— 



(4) 

1- 3 -If 

5, 6 "*^r^ 7. 8- x:7 r/f 

^ m Bi A i5t • . 7^ U • 



KmA^m± n m m ff^ 




-II- 



15H^G4-23103 (4) 




FI&2 



—22— 



EP Pu' ation of Cited Document 1 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 296 680 

A1 



© Application number: 88201260.2 
@ Date of filing: 17.06.88 



EUROPEAN PATENT APPLICATION 

®int.ci/ G01B 11/06 , C23C 16/52 



® Priority: 23.06.87 NL 8701463 

@ Date of publication of application: 
28.12.88 Bulletin 88/52 

@ Designated Contracting States: 
AT CH DE FR GB LI NL SE 



© Applicant: N.V, Philips' Gloeilampenfabrieken 
Groenewoudseweg 1 
NL-5621 BA Eindhoven(NL) 

@ Inventor Severln, Petrus Johannes 
Wllhelmus 

C/O INT. OCTROOIBUREAU B.V. Prof. 
Hotstlaan 6 

NL-5656 AA Eindhoven(NL) 
Inventor: Verspui, Gerrft 
c/o INT. OCTROOIBUREAU B.V. Prof. 
Holstlaan 6 

NL-5656 AA Eindhoven(NL) 

© Representative: Auwerda, Cornells Petrus et 
al 

INTERNATIONAAL OCTROOIBUREAU av. 

Prof. Holstlaan 6 

NL-5656 AA Eindhoven<NL) 



@ Device for measuring layer thicknesses. 



@ A device for the continuous measurement of the 
thicknesses of layers which are deposited on a sufcj- 
strate at low pressure, comprising a light source and 
two light conductors. Both light conductors are 
present in a pipe closed at one end by an optical 
window. Said end has an exchangeable sleeve which 
at one end comprises an optical window and which 
can be slid so as to fit the pipe in which the light 
^ conductors are present 
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. "Device for measuring layer thicknesses." 



The invention relates to a device for the con- 
tinuous measurement of the thickness of layers 
which are deposited on a substrate at low pressure, 
comprising a light source, two light conductors one 
of which guideis the light from the light source to 
the growing layer and the other light conductor 
guides the light reflected on the interface between 
substrate and growing layer and the light reflected 
on the interface between the growing layer and the 
surrounding atmosphere- to a detector which also 
belongs to the device for measuring layer thicknes- 
ses and which indicates variations in the intensity 
of the light as a result of a varying interference 
between the two reflected light rays occurring in 
accordance with the optical path length in the 
growing layer. 

In Philips Technical Review 43. pp 58^60. Jan. 
1987 a method is described for measuring the 
thickness of an infrared-reflecting layer during the 
deposition on the inside of the outer glass en- 
velope of low-pressure sodium lamps. This layer 
consists of ln203:Sn. The deposition of said layer 
takes place at a temperature of approximately 
500." c. 

The known measuring instrument consists of 
two light conductors having an outside diameter of 
2-5 * mm and a core diameter of 1 .9 mm. Both 
conductors are provided (at their coid end) with a 
coupling member to which glass fibre bundles can 
be connected; they constitute the connection to a 
light source and a detector, respectively. The light 
of a light source ts guided to the measuring site by 
one conductor. The beam emanating from the 
warm end, after reflection at the layer to be mea- 
sured, is received by the other conductor and 
guided to the detector. In order to direct the optical 
axis of the two (parallel) conductors to the same 
measuring point, the end faces of the conductors 
are ground and/or polished at a certain angle to the 
longitudinal axis. 

The principle of the measurement is based on 
interference. Since the light beam reflects at the 
two sides of the forming infrared reflection layer, 
two reflected beams are formed which interfere 
with each other as a result of a difference in optical 
path length. When the thickness of the layer in- 
creases the detector will] consequently observe 
variations in the intensity of the incident light. From 
this the thickness of the layer can be monitored at 
any instant by a processing equipment coupled to 
the detector. The measuring method may be used 
to control the deposition process automatically. 

The measuring instrument described cannot be 
used as such for measuring the layer thicknesses 
of layers which are deposited reactively at low 



pressure on the outside of. a product or on a 
surface of complex shape for example, by means 
of a low-pressure CVD process. The use of this 
type of processes is increasing in technology be- 

5 cause herewith a large number of products can be 
coated simultaneously and in a reproducible man- 
ner without the products having to perform com- 
plicated movements, for example, in physical yap- 
our deposition processes and the shape is a prob- 

70 lem. 

It is the object of the invention to provide a 
device for measuring layer thicknesses which can 
be used for continuous measurement of the thick- 
ness of layers which are deposited in a CVO pro- 

15 cess in particular in a low-pressure CVD process. 

This object is achieved by means of a device 
for measuring layer thicknesses which is character- 
ized in that the two light conductors are present in 
a pipe which is closed at one end by an optical 

20 window and which consists of a material which can 
withstand the conditions in the space in which the 
CVD process is carried out and at this end com- 
prises an exchangeable sleeve which at one end 
has an optical window and which can be slid so as 

25 to fit on the pipe in which the light conductors are 
present 

A device for measuring layer thicknesses ac- 
cording to the invention can be introduced with the 
end on which the exchangeable sleeve with optical 

30 window is present, into a low-pressure CVD reactor 
through a suitable aperture provided with suitable 
sealing means, in which reactor a large number of 
articles to be provided on the outside with a layer 
are present. It is inherent in these low-pressure 

35 processes that the deposition rate is independent 
of the position in the reactor. As a result of this it 
becomes possible on the one hand to provide large 
numbers of articles with a layer simultaneously and 
on the other hand a measurement which Is repre- 

40 sentative of the coating process can take place at a 
technically suitable site. This may be the case, for 
example, in a large number of halogen lamps the 
envelope of which is to be provided with a yellow 
light transmitting interference layer of a number of 

45 1 /4X layers of alternately a high and a low index of 
refraction. Before the deposition is started the de- 
vice for measuring the layer thickness is provided 
with a sleeve having a clean optical window. 

The invention will now be described in greater 

50 detail with reference to a practical embodiment and 
the accompanying drawing of which 

Rg. 1 is a diagrammatic and partial sectional 
view of a measuring instrument according to the 
invention and Rgure 2 shows the path of the light 
beam in greater detail. The measuring instrument 
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consists in principle of two light conductors 1 and 2 
comprising a core and a cladding the refractive 
index of the core being higher than that of the 
cladding. The core may have a constant refractive 
index or a parabolic index distribution over the 
} diameter. In a practical embodiment the core has a 

diameter of 1.9 mm and the light conductor has a 
diameter of 2.5 mm. The length of the light con- 
ductors matches the technical conditions, for exam- 
ple, the length of the reactor. The coupling of a 
normal optical fibre or optical fibre bundle to the 
rod must take place at a site of comparatively low 
temperature because the said fibre has a synthetic 
resin cladding. The length may be, for example. 
1.5 m. Both light conductors are present in a tube 
3 of fused silica, for example, having for example a 
wall thickness of 2 mm. This tube may also consist 
of a hard glass or a ceramic rod having two chan- 
nels accomodating the rods. At the end which is to 
be inserted into the reactor the tube is closed by 
an optical window 4, preferably of fused silica. The 
light conductors 1 and 2 can be positioned ac- 
curately in the tube by means of spacers two of 
which are shown: 4A. 4B. 

At the bent ends projecting from the lube the 
light conductors 1 and 2 are provided with coupl- 
ings 5 and 6 to which glass fibre bundles 7 and 8 
may be connected as shown which form a connec- 
tion with the light source 9 and the processing 
equipment including the detector 10. respectively. 
Tube 3 is closed by window 4 and during the 
measurement comprises a sleeve of a tube, for 
example, of quartz glass 11 sealed on one side 
with an optical window 12. Tube 11 and tube 3 
must fit accurately, in practice the inside diameter 
of the tube 1 1 may be. for example. 0.5 mm lau-ger 
than the outside diameter of tube 3 or less. The 
sleeve may have a length between 20 and 30 cm, 
so that no reactive gases may penetrate and reach 
window 4. 

Rg. 2 shows the situation during the measure- 
ment in greater detail, the end shown is in the 
reactor during the measurement. 

Light from the light source 9 is guided to the 
measuring site via the glass fibre bundle 7. the 
coupling 5 and the light conductor 1 (optical win- 
dow 12) the light beam reflects against both sides 
of the layer 13 growing on the window 12. Two 
reflected beams are formed which are the sums of 
two set of modes which interfere with each other in 
accordance with the difference in optical path 
length. In accordance with the thickness in the 
layer the processing apparatus will observe and 
signal variations in the intensity of light and option- 
ally convert them into a signal to control the depo- 
sition process. 

In principle tiie sleeve 11 would have to have 
the same length as the tube 3 to prevent the 



deposition reactor from also taking place on the 
window 4 closing the tube. In practice, however, it 
has surprisingly been found that this is not neces- 
sary- In tiie embodiment described in which the 

5 sleeve is present entirely within the reactor and has 
a length between 20 and 30 cm and leaves a gap 
of 0.5 mm it has been found that at a pressure of 
0.3 to 0-9 bar in the reactor less than 1% of the 
material which was deposited on the outside is 

10 deposited on the optical. window on the inside of 
the sleeve during a deposition time of 60 minutes. 

A suitable length in practice is 25 cm. The 
temperature in tfie reactor during the test was 
800* C. alternate layers of SiaNt and SiOz being 

75 deposited reactively. By means of the measuring 
instrument the deposition process in which 1/4X 
layers of alternately a high and a low refractive 
index were deposited simultaneously on 700 en- 
velopes of incandescent lamps can be controlled. 

20 So it suffices that the length of tiie gap is 

larger tiian the depth of penetration of the gases in 
the gap during the low pressure CVD process. 



25 Claims 

1 . A device for the continuous measurement of 
the thickness of layers which are deposited on a 
substrate at low pressure, comprising a light 

30 source, two light conductors one of which guides 
the light to the growing layer and the other light 
conductor guides Uie light reflected on the interface 
between substrate and growing layer and the light 
reflecting on the interface between the growing 

35 layer and the surrounding atmosphere to a detector 
which also belongs to the device for measuring 
layer thicknesses, which indicates variations in the 
intensity of tiie tight as a result of a varying inter- 
ference between the two reflected light rays occur- 

40 ring in accordance with the optical path length in 
the growing layer, characterized in that the light 
conductors are present in a pipe which is closed at 
one end by an optical window and which consists 
of a material which can withstand the conditions in 

45 the space in which the CVD process is carried out 
and at said end comprises an exchangeable sleeve 
which at one end has an optical window and which 
can be slid so as to fit on the pipe in which the 
light conductors are present. 

so 2. A device for measuring layer thicknesses as 

claimed in Claim 1 , characterized in that the pipe in 
which light conductors are present and the ex- 
changeable sleeve consist of fused silica or hard 
glass having a softening temperature higher than 

55 the temperature to which it is exposed during the 
low-pressure CVD process. 
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. 3. A device for measuring layer thicknesses as 
claimed in Claim 1. characterized in that the length 
of the sleeve and the fitting define a gap having a 
length which is larger than the depth of perietratioh 
of the gases in the gap during the low-pressure 
CVD process, 

4. A device for meiasuring layer thicknesses as 
claimed in Claim 1 , characterized in that the sleeve 

'' has a length from 20 to 30 cm. 

5. A device for measuring layer thicknesses as 
claimed tn Claim 1 , characterized in that this sleeve 
has a length of 30 cm. 
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